This paper presents a model for an electronic medical record which satisfies the requirements for a faithful and structured record of patient care set out in the previous paper in this series. The model is underlies the PEN&PAD clinical workstation, and it provides for a permanent, completely attributable record of patient care and the process of medical decision making. The model separates the record into two levels: direct observations of the patient and meta statements about the use of observations in decision making and the clinical dialogue. The model is presented in terms of 'descriptions' formulated in the Structured Meta Knowledge (SMK) formalism, but many of its features are more general than the specific implementation. The use of electronic medical records based on the model for decision support and the analysis of aggregated data are discussed along with potential use of the model in distributed information systems.
Introduction and Background
This is the second in a series of papers which have grown out of the PEN&PAD project to develop advanced workstations for direct use by clinicians 1 [1, 2, 3, 4] . The previous paper in this series [5] analysed the requirements for an electronic medical record, and related themes have been developed elsewhere [6] . This paper describes a framework for an information model to meet those requirements.
The model presented in this and the previous paper has grown out of the perceived inadequacies in existing medical record systems. In particular it is a response to the inability of most existing systems to record the fine grained detail needed for clinical care and clinical decision making in a structured way. Equally, it is a response to the inability of most systems to record the role which observations have played in decision making or to give an adequate account of the constructs, such as 'problems', used in the clinical decision making process. Without such detailed information and a record of the clinical decision making process, effective use of the medical record for decision making is severely restricted [7] .
As presented in that paper, the basic assumptions were that: 1 Following the convention from the European Workshop on Open Systems (EWOS), PT007 on Medical Informatics we use the term 'clinician' for any doctor, nurse or other health care provider.
A1)
The medical record should be a faithful record of the clinicians' observations: what they have heard, seen, thought and done.
A2) The medical record should capture in a structured form all of the 'clinically significant' information in the narrative notes, where by clinically significant we mean the information which is within the medical domain rather than the domain of everyday life-'aggravated by cold' rather than 'comes on when passing the freezer section of the supermarket'.
Two broad principles were enunciated as necessary to produce an electronic medical record consistent with these assumptions:
P1) There should be a clear distinction between three models relevant to clinical information systems: This distinction between observation and event is not academic; it has serious consequences for the structure of medical records. For example, a patient can, at one time, have only one true 'blood pressure' but may have many measurement of the blood pressure. Similarly, at any given time a patient either does or does not have 'appendicitis', but there can be multiple opinions recorded in the medical record -and it may be that none of the recorded opinions reflects what is later found to have been the 'true' state of the patient.
P2)
The information in the model of the medical record -model 1 -can be further separated into two levels along a separate, orthogonal, dimension.
Level 1:
The reports of direct observations of the patient;
Level 2:
The reports of how the direct observations in level 1 were used in decision making and the clinical dialogue -e.g. of reports of how the direct observations were grouped by a given observer into 'problems' or how they were obtained via a series of requests to and reports from a separate laboratory.
The purpose of this paper is to describe a framework for modelling the medical record which is based on these principles and which meets the requirements identified in the accompanying analysis.
In order to achieve the goal of being a faithful record of clinician's observations, the modelling framework adopted is based on two further principles:
P3)
The statements in the model are 'descriptions', i.e. complex expressions built up from a modest number of primitives, for example 'a severe spiral fracture of the femur' is a description of a fracture located in the femur with the properties of being severe and spiral. We sometimes describe the formalism as 'generative', a term borrowed from linguistics, to emphasize that there is no fixed limit on the complexity of the descriptions which can be generated.
P4)
The semantics of the statements in the medical record -i.e. what can be said -are determined by a knowledge base of medical terminology. The knowledge base and the model of the medical record form a unified whole.
The models are expressed in a formalism for semantic networks and known as Structured Meta Knowledge (SMK) [8] [9] [10] . The goal of this paper is to present the key ideas of the approach. Many of these ideas are much more general than their particular implementation in SMK. A semi-formal graphical representation is used throughout. Some of the central ideas are also presented in a more conventional entity-relationship model. Further information on SMK itself is presented elsewhere [10] [11] [12] , and a detailed model of the medical record based on this framework will be presented in a in a subsequent paper in this series.
The Basic Model: Descriptions, arcs and objects
The basic unit of the PEN&PAD model of the medical record is the description. A description is a chain (or tree) of statements e.g. "the observed fracture was located in the femur. It was spiral and severe and occurred three hours ago". Each statement in the description is of the form topic-attribute-value , and each statement gives rise to a new object, or prototype which can itself be described, e.g. the statement "Jane Smith has a fracture of the femur" gives rise to the object Jane Smith's fracture of the femur.
Figures 1abc show an example illustrating how the PEN&PAD medical record model represents the statement "When seen by Dr. Peters on 4 July 1990, Jane Smith had a severe spiral fracture of the femur". Figure 1a is simplified to show the basic pattern. The record can be seen as a chain of arcs representing statements. Each arc gives rise to a new object, connected to it by a dotted line, which can be further described to form the next link in the chain.
All chains begin with a time, place, agent 2 . We call an agent at a place at a time a session and a patient as seen at a session is known as a contact. Our fundamental principle is that all statements in the medical record record are observations by agents at a particular place and time. Therefore, all descriptions in the medical record are required to begin with a session.
All observations must be of an observable object (usually abbreviated to observable). Observable objects correspond roughly to 'phys-obs' in many frame based systems and include things such as blood samples, X-ray films, prescription forms, etc. as well as patients. 2 The term 'agent' is used as a general designation for any person or device which can originate observations. In the model presented, 'clinicians' and 'devices' are both kinds of 'agent'.
In addition to the basic format shown in Figure 1a , every arc in the medical record has a qualifier which may be either true, query, or false 3 . It is therefore possible to represent statements such as 'John Smith may have diabetes' or 'John Smith does not have diabetes' within the same framework 4 . By convention, the qualifier true is omitted whenever to do so does not cause ambiguity. Figure 1a Illustration of the basic pattern of the medical record. Each arc represents a statement and gives rise to a new object which may itself be described. The dotted arrows connect the generated objects to the arcs from which it is generated. (The arrows point upwards to conform to the usual convention for representing 'a kind of' relations.) 3 Note that the SMK knowledge base contains arcs with additional qualifiers not discussed in this paper. 4 We do not distinguish in this scheme between 'John Smith has ?Hypertension' and 'John Smith may have hypertension'. The formalism provides for the distinction but we have found no way to make it clear to clinical users in the user interface. 
Individuals and Summary Objects
The pattern in Figure 1b shows the complete SMK representation of the statement "When seen by Dr. Peters on 4 July 1990, Jane Smith had a severe spiral fracture of the femur". It illustrates an unusual feature of the SMK formalism specifically designed to cope with medical records. In most object-oriented systems there are two levels of abstractionusually called 'classes' and 'instances'. However, because the medical record is made up of observations localised at a particular point in time and space, SMK requires an additional level of abstraction. We use the terms 'category', 'individual' and 'occurrence' to avoid confusion with the the terms 'class' and instance' as used in other systems.
Categories represent concepts. Categories reside in the knowledge base and provide the semantics for the medical record. Individuals serve to summarize the record and localize all of the information on a given topic. Every occurrence level statement concerning the Jane Smith's Fracture of the Femur is an observation of the corresponding individual. The existence of the individual Jane Smith's Fracture of Femur does not imply that Jane Smith has, or has ever had, a fracture of the femur, but merely that some observation has been made about Jane Smith regarding a fracture of the femur. (The only observation recorded about Jane Smith's Fracture of the Femur might be that she did not have it.) In this way individuals, like observations, are persistent. Once something has been said, it may turn out to be wrong, but it cannot be unsaid.
Descriptions as Nested Objects
It is sometimes more helpful to view the description shown in Figure 1b as a series of nested objects rather than as a chain of arcs. This equivalent view is illustrated in figure 1c . They concern what agents-usually clinicians-have heard, seen or done. In this respect the model draws no distinction between symptoms, signs, laboratory tests, or treatments. All such statements pertain directly to the patient and record the basic observations of the patient.
Level 2: Meta Statements-Recording the decision making process, the clinical dialogue and data entry process
The second level of the medical record consists of meta statements. Meta statements are used for two purposes: a) To group the basic observations together and describe the decision making process b) To indicate the role of observations in the clinical dialogue and record the process by which they were entered on the record.
The fundamental principle is that the meta statements are independent of the observations themselves. For example, the statement that "Mrs. Smith has dyspepsia" is entirely independent of whether or not the clinician regards that as a problem requiring management or merely as a symptom or incidental finding. Likewise, the facts contained in data items such as the numerical values of laboratory tests are independent of whether the tests were performed in response to specific requests or as part of a routine admissions procedure. The significance to the clinician may be different depending on the context in which they were ordered, but the facts in the data items themselves are permanent and unalterable.
The two different uses of meta statements-to record decision making and to record the clinical dialogue-will each be discussed in turn.
Meta Statements concerning the Process of Decision Making
Problems are used to illustrate the general principles used in representing the decision making process. The link between the observation of the problem and the observation of the condition is made by the defined by meta statement shown as a concave upwards arc. Figure 2b expands the right hand part of Figure 2a to show how additional related findings are grouped together using the attribute is pertinent to.
In Figure 2b there is only a single defined by and a single is pertinent to meta statement. In the general case, a given problem observation may by linked to any number of statements by defined by arcs, and the definition of the problem observation is taken to be the conjunction of the corresponding statements. Each time an individual problem is observed, it can have a different definition. The most recently observed definition of an individual problem is the 'current' definition. The defined by arcs themselves are always qualified by true. Problem observations can be defined by negative statements but there must first be an observation for the negative statement in the first level of the record. Within limits, disjunctive problem definitions can be handled similarly . (See [12] for a discussion of disjunctions in SMK.)
The defined by and pertinent to arcs are independent both of the basic observations at level 1 and of the basic conventional problem structure at level 2. Hence the model allows different observers to group observations together to form problems differently or the same observer to group observations together differently at different times. is pertinent to
Figure 2b
Expansion and extension of the right-hand side of Figure 2a showing the pattern for a problem involving more than one level-1 observation. This paper has used the example of problems as being the classic example of a decision making construct. However, the basic principle applies equally to plans, differential diagnoses, or hypotheses. In each case, the decision making construct is represented by a meta construct connect to direct observations by a series of meta statements. For example, with reference to Figure 2b , a simple management plan for Jane Smith's Fracture of Femur would be represented by replacing Problem by Management Plan, and adding one additional type of arc concerning has management action. Such a representation contains far more detail than most existing systems, and are comparatively simple to implement. However, a complete analysis of decision making requires an analysis of intentions, counter-factuals and future possibilities which are each serious research issues in themselves.
Meta Statements concerning the Clinical Dialogue 1: Requests, Responses and Data Entry
The second important group of meta statements concern the clinical dialogue-how do the observations fit into the overall process of care provided by the organisation or group of clinicians. The most important units of the clinical dialogue are requests and responses.
One agent requests an action which is performed by another agent. The results of the second agent's action are then noted (acknowledge/observed) by the first (or potentially a third agent). The observation of the result is not dependent on knowing about the initial request, but it is possible to state that a particular observation is the response to a particular request.
The pattern is illustrated in Figure 3 . Note that acknowledging the result is not the same thing as entering the result into the information system. The information may be entered into the system by the acknowledging clinician, but it is more likely that it is entered either by a clerk or automatically by some mechanical 'agent' such as a cardiac monitor in an intensive care setting or a direct link between the laboratory system and the patient care system. 
Meta Statements concerning the Clinical Dialogue 2: Time, Attribution and Entry
These ideas form the framework for representing time and attribution in the medical record. There are at least three times relevant to any observation in the medical record:
a) The time of the occurrence of the observed event b)
The time of observation c) The time at which the observation was entered in the record.
The fundamental principle of the PEN&PAD model, is that the medical record represents observations. Statements are assumed to be entered at the time of observation unless indicated otherwise. A special entered by attribute (not shown in the diagram) is provided to cover such cases. Likewise events are assumed to have occurred at the time they were observed unless indicated otherwise. When the event referred to by a statement actually occurred is indicated by the occurrence time attribute.
All observations are grounded on the time at which the observation was made. This may, of course, be different from the time at which the event observed took place. The time of observation is always known; the time of occurrence is not. In this model, the fuzzy qualifier 'about 10 years ago' in the statement 'The cholecystectomy occurred about 10 years ago' is no different from any other fuzzy modifier. The semantics of such fuzzy modifiers are a separate and difficult research problem. The goal of this model is that the consequences of such modifiers be strictly localized and not affect the semantics of the model as a whole.
Medical dialogues can be complex and may, potentially, involve a number of different institutions with different information systems. The structure of complex dialogues can be illustrated by considering the sessions involved -each encapsulating when, where and by whom an observation was made -which can include: a) When the request was made b) When the test was interpreted to produce a result c) When the result was received by the requesting system. d) When the result was first seen by a clinician. Figure 3) shows sessions a), b) and d). Session c) -when the result was received by the requesting system -has not been modelled in Figure 3 to conserve space but may take on considerable medico-legal significance.
The situation can actually be still more complicated. In Figure 3 it is assumed that a single 'agent' took the sample and made the measurement producing the result. While this level of granularity may be appropriate for blood tests, it will almost certainly not be adequate for complex examinations such as X-Rays or biopsies. In these cases we will need to know, in addition, the sessions: e) When the sample was taken f) When the test on the sample was actually performed g) When the result was entered into a system in the institution performing the test.
To cover cases e) and f), the model of the medical record must be extended to include actions such as sample taken for and performed. Actions link a contact to a category and generate an individual as their prototype-taking a blood sample from an individual by an agent at a particular time and place generates an individual blood sample which persists in time. Observations can be made about the new individual blood sample just as about any other individual -e.g. that the blood sample was dropped, tested, stored, etc. The fact that the results of laboratory tests are observed on samples which have a separate existence has important consequences for the organization of clinical information systems and should be modelled accurately.
Meta Statements concerning the Clinical Dialogue 3: Corrections and Amendments
One of the criteria for the medical record is that it be permanent. What is once said cannot be unsaid. This principle follows from the view of the medical record as statements of observations and is essential to meet the legal and security requirements. However, there are two ways to indicate that an observation was incorrect.
In the simplest case, the user merely indicates that a given statement was entered incorrectly. In this case the attribute corrected to is used. If there should be no entry at all, the special statement null_statement is used to supersede the original. Most retrieval requests and user interfaces simply ignore corrected entries. Only special queries used for auditing the record will find both the correction and the original.
In the second case, a clinician may wish to amend the record to say that, in retrospect, a given statement appears to be wrong. In this case, the separate later found to be attribute is used. In this case, the original opinion remain visible but is normally ignored for purposes of search and retrieval. This is precisely analogous to ringing a previous entry in the notes and making a later signed comment.
Other Technical issues: Countable objects, cardinality, and measurements
SMK requires that the cardinality 5 for each attribute be specified, i.e. whether the attribute represents a one-one, one-many, many-one, or many-many relationship. In addition, SMK draws a distinction, borrowed from linguistics, between 'countable' and 'mass' objects. For example, a patient can have any number of conditions and a condition can be had by any number of patients, ie the cardinality of the attribute has is many-many. However, it is not sensible to say that a patient has 'two hypertensions' or 'two gouts'; conditions such as 'gout' or 'hypertension' are referred to as 'mass objects'. By contrast, it is perfectly reasonable to say that a patient has 'two pains' or 'two fractures'. In English, the distinction between mass and count nouns is often marked by the use of the indefinite article: 'she has diabetes' but 'she has a fracture'.
Countable conditions should not be confused with episodes. Episodes group recurrences of a particular such as bronchitis, which is usually a mass condition. As an example of a useful test for distinguishing between countable conditions and episodes of mass conditions, 5 The term 'cardinality' widely used in the database literature with this meaning. This usage should not be confused with the use of 'cardinality' in set theory to refer to the 'size' of a set.
consider that while it makes sense to say that a person has had two episodes of bronchitis, it would be odd to say that a person had two 'bronchitidies'-so odd that the plural of 'bronchitis' does not really exist in the language.
Similarly, countable objects should not be confused with 'measurements'. There can be many measurements of a patient's blood pressure, but there is no question of the patient's blood pressure having two different values at the same time. On the other hand, it is entirely reasonable to say that a patient has two distinct pains.
For countable objects, there are two levels of individuals, the 'collective individual' John Smith's Pains corresponds directly to John Smith's Diabetes, and it is perfectly reasonable to discuss John Smith's Pains on 12/9/90. On the other hand, we may wish to discuss JohnSmith's 2nd Pain, ie the second distinct pain of John Smith.
An entity relational representation
To redescribe the entire framework using entity-relationship diagrams would greatly extend this paper. However, to emphasize the generality of the principle, we present in Figure 4 a fragment of the entity relationship diagram relating to the central issue of this paper-the separation of levels between observations and meta statements. (See also [13] , [14] .)
In Figure 4 , as in Figure 2 , problems are used to illustrate the pattern which is used for all meta statements including those relating to episodes, plans and expectations. The defined by and pertinent to arcs in Figure 2 correspond to the Problem Definition Statement and Pertinence Link in Figure 4 . In the entity relational model in Figure 4 , observations are grouped together explicitly in observation collections before being linked to problems because this leads to more efficient querying of the database. Normally, an observation collection corresponds to the part of a contact (ie a patient encounter) pertaining to a single problem. 
Discussion
In the introduction to this paper we reviewed the primary assumptions and goals for the medical record presented in the previous paper in this series [5] . In the discussion that follows we examine the framework presented in the light of these goals and and the support which it gives to our contentions.
A Faithful Record of Patient Care
The first two requirements from the previous paper to achieve a faithful record of patient care were that the record be attributable and permanent. The model described here makes the basic unit of information an 'observation' by an agent at a particular time and place. Where data entry is done separately, this is modelled explicitly. The model is deletionless. Once said, a statement cannot be unsaid. Two methods of correcting entries are provided, one for 'mistakes' and the other for observations which later turn out to be wrong, corresponding roughly to the difference in paper notes between striking out an item and circling an item and appending a later comment. In most hospitals, both actions require that the correction be signed or initialled; correspondingly the models presented here make all such changes attributable. These features combine to provide the ability to reconstruct the record completely as it was at any previous time. They guarantee a permanent attributable record.
The third requirement from the previous paper was that the record be 'authentic', that it be a faithful account of clinicians' understanding and that it be formulated in terms which they found natural. A number of sub-requirements for authenticity were enumerated. The first two-to allow conflicting statements and to accept uncertain and negative statements-are direct consequences of modelling the record as a collection of statements recording observations and of providing explicit 'qualifiers' for indicating negative and uncertaini.e. 'queried' -statements.
The next two sub-requirements for authenticity-allowing descriptions to an arbitrary level of detail and allowing statements to be expressed at clinicians' natural level of abstractionare consequences of basing the record on composite 'descriptions' rather than atomic codes. The point about the descriptive formalism is that it is 'generative' and does not predetermine the exact combination of descriptors. The descriptive format also makes it easy to add descriptors to satisfy the next sub-requirement-to include the context of items, such as the prevailing normal range for a particular laboratory.
The model described in this paper began as part of a project on structured data entry of clinical information. The goal, throughout, has been to provide a model in which clinicians can express detailed clinical concepts in a structured manner through 'predictive data entry' [11] .
The final two sub-requirements for authenticity are more technical and relate to the issues of cardinality and count nouns discussed above. The issue of mass and count nouns is only of significance in a model in which statements can be further modified and/or related together into larger units. In most existing record systems, it would be impossible to formulate a question such as 'Which of this patient's fractures of the femur was spiral?' or 'Which fracture was causing the severe pain?'. However, the ability to express the information to answer these questions is essential to a complete representation of existing medical paper records and to support knowledge based systems. Detailed investigation of the role of count nouns within the representation remains a matter of continuing research.
The two-level model in this paper satisfies directly the remaining requirements in the previous paper-that the model provide for collecting level 1 statements together arbitrarily to describe problems, plans, episodes and other constructs used in describing decision making; that it allow the recording of justifications of conclusions; that it allow recording of the clinical dialogue; and that it allow the process of data entry to be documented. The status of level 1 statements of direct observations of the patient are always independent of statements about the use of those observations in decision making and dialogue. The model of the true state of the patient must always be inferred from the level 1 and level 2 statements.
It is an important feature of the model that it is always a model of what individual agentsnormally clinicians -have heard, seen, thought and done. The medical record is always a record of observations by one or another agent. Another agent may use this information in an attempt to infer the true state of affairs which gave rise to it, but these inferences, too, remain merely the 'opinions' of some agent at some place and time. This has two consequences for the information model: firstly that contradictions can be easily accommodated, since all statements are treated as 'opinions'; and secondly, that any intelligent agent using the information -i.e. any automated decision support systemmust itself infer the true state of events from the information present in the record. Unless such inferences are completely trivial, they two should be recorded as the 'opinions' of yet another agent, based albeit not on direct observations but on inferences from the observations of others.
Adequacy for other uses of the information.
Use for aggregated data on populations for research, planning and management
From the point of view of the retrieval of aggregated data, the category-individualoccurrence model provide an elegant progression: the extensions of a condition correspond to all those individuals who have that condition; the extension of each individual corresponds to the occasions on which that condition was observed in that individual. The difficulty in using the model presented here for use for data analysis is that the 'true' state of the patient is not knowable; what is recorded are only the observations and opinions of various 'agents'. In general, the authors argue that this merely formalises the normal state of affairs. Treating the raw data of the medical record as received truth, whether in paper or electronic form, is always questionable. Even data gathered as part of carefully monitored multi-centred trials requires validation and 'cleaning'. Routinely collected data from medical records will require careful evaluation. Avoiding over interpretation is an important part of any programme to produce 'faithful' medical records. However, practically, standard strategies for what will be accepted as true in given contexts as true must be established for the system to be used to retrieve aggregated data. Such strategies remain the topic of ongoing research.
Integration with knowledge based systems
Integration of knowledge based systems with clinical records is an important goal of the PEN&PAD programme for which this model was developed. Knowledge based systems require fine relatively fine grained data and information about the justifications and relations between statement. (See [7] for a discussion of the limitations of existing medical records with regards to one knowledge based system.)
Increasingly it is clear that advanced systems will need to combine several different knowledge based systems, probably from different sources. The framework presented here provides a basis for combining 'observations' by several different 'agents', be they knowledge bases or clinicians.
Complexity and implementation
The model presented here is superficially more complex than those in use in most existing systems and will certainly require more mass storage. In many ways it is closer to the models proposed as long ago as 1976 by Pauker, Gorry and Kassierer in their Present Illness Program [15] than to those more traditionally used for medical records. There are two questions: 'Is this complexity and storage justifiable?' and 'Is it practical?'.
We believe that the greater complexity is largely illusory. The models presented are parsimonious and conceptually sound. Most existing systems require complicated ad hoc features to cope with requirements such as attribution and security, whereas most of the mechanisms required are intrinsic to the model described here.
Support for this view comes from the number of occasions on which the rigorous formulation of the model has forced us to make distinctions which later resulted in important simplifications. One clear example is the need to define 'actions'-special attributes such as sample taken for which give rise to individuals rather than to other observations. Designating certain attributes as 'actions' allows the model to take account of basic facts about the real world. For example, once a sample is taken, that sample has an existence independent of the patient from whom it was taken. It is sensible to say things about the sample which it would not be sensible to say either about the test being performed or about the patient from whom it was taken-e.g. to record the sample's physical location, position on the analyser, volume, sample number, temperature, type of preservative, etc.
However, despite the advantages of the model, direct implementation of the object oriented framework advocated in this paper using current relational database management systems is likely to be inefficient. Ultimately, the answer will probably lie in new object oriented databases. In the meantime, our experience indicates that by careful exploitation of the special properties of the network, the problem can be kept tractable using relational technology. It is not necessary to solve the general problem of object oriented databases, but only to produce an acceptably efficient solution for this one highly specialized model. The details of the techniques used in PEN&PAD will be the topic of a subsequent paper in this series.
The barrier to wider use of information systems is no longer the cost of the equipment but our inability to design systems which clinicians find intuitive and useful. There is widespread agreement that the benefits of information technology can only be gained when clinicians use the systems themselves [16] . The difficulties which clinicians find in using systems are more fundamental than just the surface user interface, poor though that often is. To make systems which clinicians find intuitive requires that the systems be based on models which minimize the dissonance between the information systems and the clinicians' normal practice. This model derives directly from requirements encountered in developing the PEN&PAD clinical workstation which could not be met with traditional data structures.
Limitations and Problems
The central portion of the medical record model described has been implemented in a prototype clinical workstation and applied to a large number of medical records in British general practice so that we have great confidence in it for this purpose. Problems remain in the formal representation with complex negations and in handling multiple instances of count nouns-multiple pains, multiple rashes, etc. other areas are the subject of ongoing research. Likewise, serious issues exist in the representation of intention and counterfactuals in order to represent complex decision making scenarios, but these problems are likely to involve more fundamental long-term research. The use of the model for managing the clinical dialogue has not yet been fully implemented. The approach advocated here appears to solve many of the problems encountered in modelling existing systems, but it must be proven in a complex hospital environment.
The most obvious consequence of basing the model on general practice and outpatient medicine is the decision to ground all observations on a time. In general practice and most outpatient settings, all events at a single session may be regarded as simultaneous. However, in data intensive applications in which the time scale of events is shortparticularly critical care applications -this concept of a 'session' is questionable. The time scale of such 'sessions' might be as short as a minute or less in the case of such automatic monitoring as heart rate or respiratory parameters.
Many medical record systems from hospital practice are based on models in which each patient is treated as having a series of attributes, and each attribute indicates a series of session-value pairs. The 'individuals' or summary objects in this model perform a similar function. The extension of an individual consists of all of the observations of that individual, from which a series of time-value pairs can be derived easily. Even so, it seems neither parsimonious nor intuitive to create a new 'session' for measurements. At a minimum, special steps in the implementation will be required to achieve reasonable efficiency, and it may be necessary to allow an auxiliary time to be recorded within a 'session' for such measurements. These issues remain to be investigated.
Conclusion and current status
This paper presents a framework for modelling the medical record. A complete model in SMK consists of the definitions of all of the attributes needed to express a complete medical record-what it was grammatically correct and possible to say-expressed at a high level of abstraction. A model for the core of the medical record based on this framework is the basis of the PEN&PAD clinical workstation programme. [1, 2, 3, 4] . This model is steadily being extended and will be presented in detail in a subsequent paper in this series. The PEN&PAD model is the basis of a flexible prototype which has been enthusiastically received by clinicians in evaluations. In the course of these evaluations several hundred patient encounters have been successfully encoded using the SMK formalism. A larger scale implementation is being completed and readied for field trials in both hospital and general practice. A more formal evaluation vis a vis existing paper and electronic records and a large scale demonstration of a multi-lingual knowledge base is part of the GALEN project under the EC initiative on Advanced Informatics in Medicine (AIM) [17] .
